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To verify that these inhibitory results were not due to the persistence of QUI or CAF 2 3 2 from the pre-exposure procedure in the peripheral receptors, immediately after pre-2 3 3 exposure to QUI or CAF the last flagella of both antennae were cut off. Then, the 2 3 4
insects' feeding behavior was tested in the artificial feeder. Results show that bugs pre-2 3 5 exposed to QUI or CAF still fed less frequently over a clean mesh than WAT-pre- by a previous contact with bitter compounds seems to be under brain control rather than 2 3 9 under peripheral modulation. In the previous section we showed that external chemoreception plays a relevant role in reports, once triatomines pierce their host's skin, they first pump a small quantity of 2 4 5 blood, presumably to assess its properties (Bennet-Clark, 1963 ) and decide whether to Effect of bitter compounds on the internal assessment of a food source quality 2 5 0 In this series of experiments, different bitter compounds were added to the AS (and not 2 5 1 over the piercing mesh) and the feeding response of insects was analyzed. Insects were As previously observed, a high percentage of insects (55%) fed on the AS ( horizontal line). However, an inhibitory feeding effect was found when bitter 2 5 6 compounds were individually added to the AS. QUI and SAL were the most potent The internal detection of bitter compounds present in the food should take place 2 6 4 somewhere in the alimentary canal (Fig. 5B) . Although no functional studies were done 2 6 5 so far, we revealed by means of SEM the existence of 8 based-articulated short-peg 2 6 6 sensilla (2-3 µm height and 2 µm at the base) with a unique pore at the end, localized 2 6 7 antero-dorsally inside the alimentary canal (epipharynx) of R. prolixus (Fig. 5C,D) . Here, we analyzed if a brief ingestion of QUI and CAF before the feeding tests could the AS alone (control group) or on the AS added with QUI (0.00001 mM) or CAF (0.01 2 7 2 mM). Provided the fine sensitivity of these insects to the thermal cues, a group was pre- were carried out after 3 min or 60 min following the pre-exposure. About 65% of the insects fed on the AS after pre-exposure to HT or AS, and no 2 7 6 differences were detected among these groups (Fig. 6A, (Fig. 6B, n.s.) , suggesting the existence of a memory component that lasts 2 8 2 more than 3 but less than 60 min. In the present study, we showed for the first time that the bitter modality in the blood- solely with the host skin and never get in contact with the blood of the host, internal 2 9 1 gustatory receptors are confined to the alimentary canal and are therefore exclusively bathed with the ingested blood during sampling phase and feeding. Like most haematophagous invertebrates, triatomines exploit olfactory and thermal cues search for a zone of the skin to pierce, a process which involves the thermal sense 2 9 8 (Lazzari and Nuñez, 1989; Flores and Lazzari, 1996; Ferreira et al., 2007) . However, it 2 9 9 was still unknow whether these insects could assess the gustatory quality of the 3 0 0 substrate or not before piercing the skin. Results presented along our work show that 3 0 1 they actually do this. We found that before feeding, R. prolixus undergoes a substrate we observed a decrease in the feeding response of those insects that reached and aversive effects at similar concentrations, i.e. 10 mM (Fig. 1) .
Moreover, we found that the external sensory organs involved in bitter detection during 3 0 9 feeding are located in the antennae and not in the legs or proboscis (Fig. 2 ). Based in We showed that these taste sensilla respond to QUI and CAF (Fig. 3) . Further studies are needed to determine the number of GRNs inside these sensilla and to extend the described before in insects (Glendinning et al., 1999; Schoonhoven and van Loon, 2002;  gustatory neurons. In our behavioral experiments we showed that even in the absence of 1, see group tested to WAT condition), showing that they do not need external contact with phagostimulants to do it. We also showed that the addition of bitter tastants 3 2 9 inhibited this feeding behavior, suggesting that in these bugs, bitter compounds are Recognition of an adequate food
The assessment through antennal taste inputs constitutes the first examination done by insects giving place to the first decision making: to accept or reject a potential food during the sampling phase as described by Smith and Friend (1970) . In our work we 3 3 7 observed all along the experiments that an insect can ingest between 100 and 280 µl of canal or mouthparts, their physiology is by far less studied than external receptors, mainly due to difficulties found to access them with the recording electrodes. In tse flies and ticks (Rice, 1973; John, 1979; McIver and Siemicki, 1981; Foster et al., 3 5 5 1983; Backus and McLean, 1985; Jefferies, 1987) . We propose here that the 8 short-peg 3 5 6 uniporous sensilla observed in the ephipharynx of R. prolixus (Fig. 5B,C,D serve to determine unequivocally this fact. learning is a complex process that allows an individual to convert a previously neutral are simpler forms of learning that can help an individual to be more prone to respond to 3 6 7 a recently perceived stimulus (sensitization) or to filter out information which is not 3 6 8 longer informative (habituation). Here, we show that both, the substrate probing phase 3 6 9 and the sampling phase of the feeding process of R. prolixus are modulated by a 3 7 0 previous sensory experience to bitter compounds. We found that a simple chemical pre-
exposure to QUI and CAF during both phases inhibited the posterior feeding behavior 3 7 2 of R. prolixus, even if the bitter compounds were not longer present during tests. This effect lasted for a brief period (between 3 min and 60 min) (Figs. 4, 6) .
Although a clear modulation of the behavior of the insects was observed after a non- presented here do not fit in a typical habituation or sensitization category. In these processes, the response to a particular stimulus "A" decreases or increases after pre- exposure to the same stimulus "A". In our case, a pre-exposure to "A" (e.g. any of the tested bitter compounds) decreased the feeding behavior of bugs in the absence of "A". their antennal tips after pre-exposure and they still did not feed (Fig. 4B) around once a toxic food source was perceived. This plasticity might be important as 3 8 8 whenever a toxic source is found, there is a certain probability to find another toxic one 3 8 9 or even to be still over the same source than before. Bitter compounds for haematophagous insects?
Although bitter is a relevant taste modality involved in the modulation of the decision 3 9 2 making process about to accept or not a potential food source for many animals, the fine and highly sensitive perception system of R. prolixus to bitter substances was quite in an obligatory blood-sucking insect? R. prolixus feeds exclusively on vertebrate's 3 9 6
blood, a feeding media that intrinsically lacks caffeine, quinine, berberine or salicin. However, if these compounds are ingested by these host-animals, they can become an system in blood-sucking vector-borne diseases during host recognition and feeding has The balance between positive and negative inputs 4 1 6
Insect's feeding response is finally governed by the fine contrast between the presence 4 1 7 of phagostimulatory and aversive inputs. Our study shows that R. prolixus has two 4 1 8 sensory stages working with different avoidance thresholds: antennal input exerts a 4 1 9 modulatory bitter signalling at higher doses (10 mM) than internal sensors bathed with 4 2 0 feeding solution, whose bitter threshold is about 6 orders of magnitude below for QUI 4 2 1 and 3 for CAF. Results obtained along this work were summarized and depicted in a 4 2 2 flow chart (Fig. 7) . The first assessment of adequateness of a potential food source takes bitter compounds are detected at this point (1), the animal will not insert its biting probing phase. Conversely, if no aversive compounds are detected (2) the next step is to 4 2 7 pierce the skin and insert their mouthparts in the host (i.e. piercing phase (B)).
2 8
Subsequently, during the sampling phase (C), a small quantity of food is ingested for an 4 2 9 internal quality assessment. If no phagostimulants are detected (3) the animal will substrate probing phase to restart the feeding process. We found that for an extended cognitive approach, we found that the feeding behavior of triatomines can be negatively The feeding recipient was placed close to an aluminum plate connected to a membrane.
7 7
Then, feeding experiments started when the tissue mesh of the insect's recipient was
carefully put in contact with the piercing membrane of the feeding recipient (triatomines Aldrich (StLouis, MO, USA). Sodium chloride and caffeine anhydrous were purchased
from Biopack (Buenos Aires, AR). All the solutions were prepared weekly and stored at 4 9 1 -18 ºC. In all cases, the pH of the solutions was verified and adjusted when necessary to 4 9 2 7 with NaOH 1 M.
9 3
Experimental protocols 4 9 4
All the experiments were carried out at the beginning of the insects' scotophase, time of
the day in which triatomines display their maximal motivation to search for a host and assay, an unfed larva was weighed before (initial weight, Wi) and after (final weight,
Wf) the feeding tests. A normalized weight gain was calculated as: (Wf-Wi)/Wi. We
registered then the percentage of insects whose normalized weight gain was higher than 5 0 0 1 (i.e. bugs that ingested at least one time their own weight).
0 1
The effect of the presence of bitter compounds was studied at two different phases of control group 50 µl of distilled water were spread over the mesh (WAT). Bitter the artificial feeder and the insect was allowed to feed on the AS for 10 min (Part I in 5 0 8
Results).
0 9
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Additionally, the effect of a previous experience with bitter compounds on the feeding
behavior of insects was studied. Insects were pre-exposed by allowing them to walk for
30 s over a substrate added with WAT, QUI or CAF (10 mM), and 3 min or 60 min 5 1 2 after, their feeding acceptance of AS was tested. (0.000001 mM to 1 mM) were added to the AS in the feeding recipient and offered to
the insects in the artificial feeder for 10 min. In these experiments the substrate was 5 1 7
always clean (Part II in Results).
1 8
Besides, we analyzed the effect of a brief pre-ingestion of bitter compounds on the (0.01 mM), and 3 min or 60 min later their feeding response to the AS was evaluated. Data from behavioral experiments were analyzed by means of contingency tables of normalized weight gain higher than 1 was registered. We statistically tested if the 5 2 7
feeding responses of insects were independent from the different experimental Pearson's Chi-squared test (X 2 ). Then, whenever the global test was statistically http://www.infostat.com.ar).
3 7
Scanning electron microscopy 5 3 8
The external structures of the tip of the antennae and the interior of the epipharynx (40/60%) before examination in a scanning electron microscope Philips XL 30.
4 8
Single-sensillum electrophysiological recordings
The morphological identification of gustatory structures present in the antennae of adult sensory neurons housed inside these hairs in response to KCl, QUI or CAF.
4
Insects were secured with wax inside plastic conic supports, with their antennae kept sensillum was tested first with KCl and then with CAF or QUI in an random order.
6 1
Time between subsequent stimulations was fixed to 1 minute.
6 2
The recording electrode (20-30 µm diameter) was connected to a preamplifier (gain restart the feeding cycle at the substrate probing phase (A) or the piercing phase (B). 
